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ABSTRACT 
A Limnological Analysis of Lake Tapacura, 
Sao Lourenco de Mata, Pernambuco, Brasil. 
May 1981 
The limnology of Lake Tapacura, a 22m deep, 900 hectare lake 
on the coast of northeastern Brasil, has been studied over a two year 
period. Lake Tapacura is a soft-water, moderately-buffered lake that 
undergoes only one extensive period of mixing during the months of 
June and July. The lake stratiftes strongly during the subsequent 
months. Hypolimnetic anoxia which appears in August was accompanied 
by substantial increases in specific conductance, alkalinity, hard¬ 
ness, calcium, CO^, chloride and micronutrients. Metalimetic oxygen 
minima in May indicated the prevalent effect which river water input 
played on the lake. 
Climatic events predisposed the lake to two distinct yearly 
seasons. The season of high turbidity (H.T.) extended from June 
through January and exhibited the least productivity with areal values 
2 2 
varying from 247.2 mgC/m / day to 673.2 mgC/m /day. The season of 
low turbidity (L.T.) extended from February through May and had the 
2 
greatest productivity. Overall rates were between 829.2 mgC/m /day 
to 1771.2 mgC/m^/day. 
IV 
The data indicated that seasonal variability exerted a differen¬ 
tial effect on plant productivity in this tropical reservoir, through 
surface area and turbidity, rather than through nutrient availability. 
Low concentrations of algae and zooplankton populations were 
encountered in both the H.T. and L.T. seasons. Melosira herzogoli 
filaments were resuspended in the water column during June, initiating 
a bloom which receded as light levels became reduced due to suspended 
matter. 
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CHAPTER I 
INTRODUCTION 
Northeast Brasil's logarithmic rate of population increase and 
attendant industrialization has placed an ever mounting burden on the 
assimilative capacity of its rivers. The environmental stress imposed 
by domestic and industrial effluents is particularly relevant to the 
state of Pernambuco whose people must often compromise water quality 
for water quantity. The degradation of this resource is reflected in 
public health concerns of malnutrition and sanitation. This continued 
exploitation of the resource for sewage disposal impinges on a com¬ 
munity of interests, fisheries, agriculture, public health, and 
industry. What is indicated, is a multidimensional focus on water 
quality that incorporates the perspective of the sanitary and indus¬ 
trial engineer, the fisheries biologist, the health officer, the 
ecologist and the aquatic chemist. 
In 1975, the Federal Rural University of Pernambuce, (U.F.R.Pe.), 
officially designated the vestiges of its parent agricultural college 
campus as the Tapacura Ecological Field Station (EET). Celebrated as 
the first of its kind in Brasil (Nogueiro-Neto, 1979), the facility 
owes its inception to the 900 hectare pool impounded by the State as a 
flood control-water supply augmentation measure. The remaining 400 
hectares and construction escaping inundation plus the lake comprise 
EET. Those facilities located above flood stage include a large 
1 
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laboratory with a library-seminar room, storage and an administration 
building. 
The Tapacura Reservoir is located within the perimeter of the 
Tapacura Ecological Field Station. In 1974, this 900 hectare eight 
kilometer long impoundment was constructed to retain 170 million cubic 
meters of spring freshet water of which 70 million are available to 
the city of Recife, Pernambuco.(Asbury et. al., 1978) 
The impoundment is scheduled to serve as Recife's principal 
potable water source as of mid-1978. The question of water quality, 
as well as quantity, is paramount, for the city of Victoria (pop. ca. 
90,000) located 7 km upstream discharges a variety of raw domestic, 
agricultural and industrial waste products into the Tapacura River. 
Consistently, this watershed's major and only perennial tributary is a 
focal point for waterborne diseases (schistosomiasis, dysentery, 
etc.). Further, while receiving the effluent from alcohol and sugar 
cane industries which comprise 90% of the watershed, the heavily con¬ 
gested river system is used extensively for laundry, sanitary waste 
disposal, irrigation, bathing and food preparation. 
Consequently, the necessity arose for the formation of a water 
quality laboratory to collect baseline data on the reservoir as well 
as to monitor changes. Therefore, in accord with the Brasilian Uni¬ 
versity Reform Legislation of 1967, which provided the vehicle to 
create and expand regional post-graduate research centers, support was 
forthcoming for the establishment of a water quality laboratory as an 
adjunct of the EET in Sao Lourenco de Mata. 
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Initially, the laboratory was equipped to perform routine chemi¬ 
cal testing of the reservoir. Support was requested from the Uni¬ 
versity of Saskatchewan, Canada, and the pollution control agencies in 
Recife, Pe. (CPRH, Controle do Poluicao dos Recursos Hidrologicos and 
DNOCS, Departmento National das Obras Contra Seca) to be used in con¬ 
junction with the facilities obtained from the U.F.R.Pe. At this 
juncture students were accepted from the main University campus (25km 
east of EET) for internships. The internship program initiated the 
utilization of EET as a resource to provide the practical laboratory 
and field experience which is presently absent from Brasil's north¬ 
eastern universities. 
As time and support permitted, a more extensive chemical program 
provided the reference frame from which preliminary biological testing 
ensued. The new reservoir is likely to have consequences and raise 
problems not previously encountered in this area of Brasil. Lake 
Kariba, an impoundment in Africa, exemplifies this situation with an 
initial outburst of production during the first few years, and a 
catastrophic deoxygenation of the water (Balon et al. 1974). Also, 
the appearance of extensive habitats for aquatic vectors of certain 
important human diseases may result, as occurred in the Sunnar and 
Roseries Reservoirs of the Sudan (Beadle, 1974). 
Other tropical areas have experienced a combination of effects 
from a proposed impoundment. Lake Nasser, Egypt, lost the natural 
yearly fertilization of surrounding agricultural lands, with the cor¬ 
responding encroachment and salinification by the Mediterranean of the 
peripheral land on the delta (Beadle, 1974). Even more detrimental 
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over time, and a problem which Lake Nasser may share with the Tapacura 
Reservoir, includes a deposition of silt behind the dam producing an 
accelerated filling rate compounded by an uncontrollable growth of 
Eichhornia crassipes (Gay, 1960), which covers the surface and 
increases the rate of evapotranspiration. 
A survey of this reservoir may also produce information of eco¬ 
logical import for tropical South American water systems. Due to the 
geological uniqueness of the African Rift Valley, many researchers 
have conducted extensive studies on that continent to the exclusion of 
freshwater habitats in South America. Although Richerson (1975), 
Widmer and Kittel (1975) and Hegewald (1976) have summarized earlier 
work in South America and produced subsequent studies, almost all work 
has been confined to Lake Titicaca and the lakes of Peru, in the 
south. In the north, Schmidt (1972, 1973), Sioli (1964) and Rai 
(1980) have emphasized work on the varzea lakes of the Central Amazon 
region. Extrapolation of data and results from these semi- 
oligotrophic alpine lakes or varzea systems to a eutrophied reservoir 
is not justified. 
There is a hiatus in the literature regarding the significance of 
seasonal variations in the productivity of tropical reservoirs when 
climatic changes are compounded by artificial water level fluctuations 
(Ganf, 1974), and if these differences offset the effect of vertical 
mixing (Tailing, 1979). Such basic ecological data are necessary at 
this juncture of Brasil's industrialization to establish priorities 
for managing and developing resources while preserving the environ¬ 
ment. Therefore, this two year baseline limnological survey of the 
5 
Tapacura Reservoir will supplement the scant data base presently 
underlying tropical ecosystem theories (Wetzel, 1975 and Odum, 1971) 
as applied to the South American continent. 
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CHAPTER II 
MATERIALS AND METHODS 
A ten week summer calibration period (December 1977-February 
1978) of intensive chemical sampling initiated and provided a basis 
for an approximately two year survey of the Tapacura Reservoir. The 
schedule was reduced to monthly collections, where possible, from each 
of three stations at two meter intervals of depth to within 0.5m of 
the sediment surface. Diurnals were performed periodically to provide 
information on stratification stability and wind and temperature 
induced turnover. Diurnals were implemented to monitor dissolved oxy¬ 
gen, temperature and conductivity values every four hours for a twenty- 
four hour period. As the general pattern of lake behavoir was estab¬ 
lished and time and facilities permitted, the project was extended to 
include an inventory of the diversity and density of the biotic com¬ 
munities, and the biological response to the chemical-physical 
stimulus. 
Five sampling stations were selected for initial surviel1ance. 
These stations followed longitudinally the old river bed, I (Tapacura 
River), II (300m from the outfall). III (600m from the Tapacura River 
outfall, A (200m from the Field Station) and D (100m from the dam). 
The respective depths were 0.2m, Im, 5m, 13m and 19m. Each station 
was sampled weekly at meter intervals during the calibration period. 
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Four stations (I, II, A and D) were subsequently selected and moni¬ 
tored as the areas which more closely represented the lakes behavoir. 
Three large bays, approximately 0.5 km in length each, were monitored 
infrequently. This was due not only to low water volume but also to 
their inaccessibility. 
Physical-Chemical Analysis 
The chemical-physical parameters selected as indices of water 
quality were dissolved oxygen, calcium, chloride, total suspended 
solids, selected micronutrients (Fe, Mn, Zn), total and other phos¬ 
phates, ammonia nitrogen, conductivity, temperature, alkalinity, sul¬ 
fides, secchi disc transparency, hardness, pH, percent saturation and 
free CO^ by calculation. All analyses were performed in accordance 
with the methodologies outlined in Standard Methods of Water Analysis 
(1976) or Lind (1974). 
A weather station was improvised to monitor precipitation and 
temperature data and relate these to their effects on the stability of 
the reservoir. Humidity, wind velocity and wind direction as well as 
cloud cover were also included. 
Morphometric parameters were determined. Planimetric measure¬ 
ments (Welch, 1948) of surface area and perimeter were estimated to 
calculate volume, shoreline development (SLD) and capacity. Other 
indices included maximum length, maximum width, mean width, mean depth 
and maximum effective length. 
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All lake samples for chemical analyses were drawn with an impro¬ 
vised three liter Van Dorn Sampler. Dissolved oxygen was measured 
using the Alsterburg alkali azide modification of the Winkler tech¬ 
nique and samples were fixed in the field. Alkalinity was determined 
by titration with standard acid to phenolphthalein and methyl orange 
end points (APHA, 1971). Total hardness and calcium concentrations 
were measured titrimetrically with EDTA using Eriochrome Black T and 
Murexide indicators, respectively (APHA, 1971). 
A Radiometer Model pH meter was used to measure pH and check end 
points in the titrimefric procedure for alkalinity. The argentometric 
method was used to determine chloride concentrations and the stannous 
chloride method and persulfate digestion were chosen for total and 
ortho phosphate determinations. 
Colorimetric analyses were performed with a Klett Meter until 
July 1978. At this time, a Bausch and Lomb Spectronic 20 was acquired 
and procedures and chemicals were standardized to reflect the change. 
Turbidity was monitored utilizing two techniques. Until July 
1978, samples were analyzed for light transmittance in 1/2" cuvettes 
by a Klett Meter with a red filter. The Klett Meter was later stan¬ 
dardized, in the United States, against a Turbidity Meter. This con¬ 
version allowed for expression of turbidity in Jackson Turbidity Units 
(JTU). After July 1978, 1/2" cuvettes were used with a Spectronic 20 
at 450nm. Lind's (1974) conversion chart for percent transmittance 
versus JTU was utilized to transform the data to compare with the 
earlier values. 
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Water temperatures with depth were taken in the field with a cen¬ 
tigrade thermometer calibrated in degrees. Secchi disc depths were 
measured routinely, using an improvised standard sized black and white 
sectioned disc. 
All analyses, except those for micronutrients, were performed 
within twelve hours of collection and many in duplicate. 100 ml water 
samples for analyses of micronutrients were preserved with 0.3 ml con¬ 
centrated HNO^ and stored in air-tight plastic bottles. These 
samples were later transported to U.F.R.Pe. and analyzed on a Perkin— 
Elmer Atomic Absorption Spectrophotometer, according to Standard 
Methods analysis for total metal content. 
Biological Analysis 
Plankton collected with a silk bolting plankton net of 64 pore 
size after January 1979. Earlier samples were collected in a plankton 
net modified from that described by Schwoerbel (1970). The pore size 
was slightly larger and may account for discrepancies in zooplankton 
collections over algae collections. 
Vertical tows to a depth of 10m, and horizontal tows to a depth 
of Im and length of 100m were collected monthly to determine if stra¬ 
tification of any plankter was obvious. Counts were made using 
Sedwich-Rafter cells to determine concentrations of algae and zoo¬ 
plankton cells per liter of reservoir water. Predominant algae and 
zooplankton forms were identified. Zooplankton counts were expressed 
in terms of relative proportions of the predominant forms (Copepods: 
Cladocerans). 
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Diatometers and Hester-Dendy substates were constructed and 
repeatedly placed at a number of locations in both the river and the 
reservoir. Their use was discontinued as fluctuating water levels and 
flow variations combined with the abrasive force of the hyacinth mats 
to continually dislodge the artificial substrates. 
The paired light-dark oxygen bottle technique was utilized to 
estimate net primary productivity during the two seasons. Six analy¬ 
ses were performed per season at Station A located near the center of 
the reservoir. Water was drawn from the epilimnion one hour before 
dawn and mixed thoroughly to provide a uniform algae population and 
initial dissolved oxygen level. The latter was implemented to offset 
the observed nighttime dip in surficial oxygen concentrations result¬ 
ing from the calm nights, warm water temperatures ( 30°C) and high 
biological activity. 
Light and dark bottles with replicates were filled for each level 
and suspended in pairs at the surface, 0.5m and 1.0m levels for the 
season of high turbidity (H.T.), June through January, and at 0.5m 
intervals to a depth of 3.0m for the season of low turbidity (L.T.), 
February through May. An average incubation period of 6 hours (half 
the photo period) was adopted. The samples were then retrieved, fixed 
in the field, and analyzed immediately upon transport to the labora¬ 
tory for dissolved oxygen. 
A comparison of algal productivity was established for the two 
seasons. Secchi disc transparencies and turbidity measurements were 
used to relate productivity to light penetration and suspended solids. 
Samples of the predominant aquatic macrophytes and macroinverte¬ 
brates were collected and identified. Most of the biology and produc¬ 
tivity of the lake was tied to that of the water hyacinth, Eichhornia 
crassipes. Conservatively, over 95% of the biomass was concentrated 
in this species. To estimate the productivity and that of the com¬ 
munity of macroinvertebrates which are supported in the extensive root 
systems, a comparison was made of these floating mat communities in 
the littoral and pelagic zones. 
Two octagonal enclosures constructed of styrofoam floats, fishnet 
and PCV tubes contained stands of fifty uniform (^3.5 kg dry weight), 
Eichhornia crassipes plants each, for a three month interval. 
Periodic sampling and calculation of wet and dry weights provided an 
index of growth rate. Primary productivity estimates were established 
at the final harvesting. The entrapments were anchored at the same 
location at which the light-dark incubations were performed to provide 
a basis of comparison. A 110 day experimental period (1/3/79 through 
13/7/79) was adopted. 
Collections of the aquatic macroinvertebrates were made from 
these root systems. At harvesting in July, a representative sample of 
the water hyacinth population was removed by a bucket lowered under¬ 
water beneath the plants root systems and slowly pulled from the water 
to minimize detachment of organisms from the root systems. The plants 
were transported to the laboratory at which time the roots were 
removed for further analysis. 
The roots were placed separately in a white enamel pan over a 
series of two screens, and washed gently with a stream of water to 
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separate the root hairs. Organisms were removed directly from the 
roots and from the water filtered through the screens and preserved in 
plastic bottles with a 10% formalin solution. Wet and dry root and 
plant weights were determined. Plants were dried («18 hrs.) to con¬ 
stant weight in an oven at 70°C. Organisms from a series of three 
plants per bottle were preserved in a solution of formol. 
During June an attached littoral water hyacinth community near 
EET was sampled in the same manner to provide a comparative index of 
organisms per gram of dry root weight for the two zones; 14 bottles/42 
plants and 
20 bottles/60 plants were analyzed from the littoral and pelagic 
zones, respectively. 
The Sequential Comparison Index (SCI) of Cairns (1968) was imple¬ 
mented to obtain diversity values for the macroinvertebrate popula¬ 
tions in each bottle. Statistical analyses were performed to deter¬ 
mine if differences existed. These macroinvertibrates were later 
identified to determine relative populations of each order in the two 
locations. 
The effect of a temporary stand (January-March), of E. crassipes 
at the mouth of the Tapacura River was examined. Five collections 
were made in March before and after the water hyacinth to determine 
levels of selected parameters as modified by the water hyacinth mat. 
Data Analysis 
The chemical and physical data was coalesced into a series of 
timedepth isopleths defining the annual transformations over a longi- 
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tudinal transect. The data was modified by periodic diurnal analyses. 
Data comparisons were subjected to multivariate analyses to establish 
statistical significance of observations between and within stations, 
where appropriate. Correlation coefficients were computed for bio¬ 
logical parameters as related to observed physical-chemical stimulus. 
The method cited by Vallentene (1957) for defining temperature 
induced stratification was extended to reflect more clearly areas of 
restricted mixing as well as to pinpoint overturn. Previously, the 
most widely accepted definition of "thermocline" was a drop in temper¬ 
ature greater than or equal to one degree centigrade per meter. How¬ 
ever, in the Tapacura Reservoir, only a two degree change was measured 
from top to bottom as is characteristic of tropical systems, yet at 
the same location chemical gradients indicated restricted mixing. 
Therefore, a method based upon the density gradient called the Rela¬ 
tive Thermal Resistance to Mixing (RTRM) was modified graphically to 
describe these conditions. 
RTRM was defined as 
Pupper 
RTRM = 
wherejO signifies the density of water at the temperature specified. 
Where temperature readings have been taken in vertical sequence 
for a series of horizontal layers of water, the relative amount of 
work necessary to mix any two contiguous layers can be expressed as 
RTRM 
An RTRM profile was constructed to resemble a thermal profile by 
calculating the RTRM for each pair of contiguous layers (here 1 m 
14 
intervals) and plotting the results. A critical RTRM value was then 
determined for the reservoir by comparing RTRM profiles throughout the 
year with chemical profiles. A value of 5 RTRM units was chosen for 
Lake Tapacura. (The critical value is unique for each lake and 
appears to depend upon the average temperature range of the lake 
water). 
All values greater than or equal to the critical values were 
plotted in a graph to reflect large density gradients for each month 
and zones of restricted mixing. 
CHAPTER I 1 I 
RESULTS 
Study Site 
The Tapacura Reservoir (Fig. 1) was situated 25 km southwest of 
the capital city, Recife, in the State of Pernambuco, of northeast 
Brasil, (35° 07'15''W, 8°07'15“S). Elevation was 100 m above MSL. The 
2 
surface area of the lake covered 9.0 km , had an observed maximum 
depth of 22 m during the high flow season and 19 m during the low flow 
season. The length:width ratio was 6.71, with the longest axis (5.13 
km) lying in a southeast to northwest orientation. 
The reservoir was built to hold a capacity of 170,000,000 m^ of 
3 
water of which 70,000,000 m were available to the capital city for 
use (approximately 41% at capacity). Water was drawn from the hypo- 
limnion of the reservoir through a gravity system into a series of 
cement pipes. The conduit system was capable of drawing off 268,000 
3 
m /day at capacity, to service 80% of Recife. Without recharge this 
constituted a supply of 38 days. 
The SLD, or shoreline development, an index of the regularity of 
the shoreline was calculated at 5.47 at capacity. Due to the rapid 
flow through of water during certain months of the year, a Bergian 
15 
Figure 1. Outline map of Lake Tapacura, 
Pernambuco, Brasil. 
17 
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heat budget for the lake could not be estimated. Other morphometric 
data of the lake and its watershed are listed in Table 1. 
The reservoir was subjected to three distinct climatic seasons 
(Fig. 2). A relatively dry four month term, extending from October 
through January, was characterized by low rainfall (5.3 cm/month), 
warm temperatures (min 21°C-32°C), low cloud cover (30-40%) and rela¬ 
tively low humidity (70-75%). The average winds were light (0-10 mph) 
and the river was at its lowest, resembling a stream in its character 
(^5 m wide and »1.5 m in depth). Virtually no water entered the 
reservoir at this time from the river. Water level dropped approxi¬ 
mately 3 m during this period, corresponding to a volume of 2,700,000 
3 
m . Direct rainfall on the lake appeared to be the recharge mech¬ 
anism at this time. 
The rainy season commenced in later February. From this point 
through early June the rains increased. The season was characterized 
by intermittent showers (15.9 cm/month) and air temperatures between a 
minimum of 21°C and a maximum of 31.5°C (Fig. 4). During these months 
there were no observed lake changes due to river inflow and little 
surface runoff into the reservoir. The winds and humidity increased 
(5-10 mph and 80-90%, respectively). 
Heavy rainfall (21.8 cm/month), cooler temperatures (Fig. 4) 
(19.8°C1-30.8°C), high humidity (85-95%), strong winds (20-25 mph) and 
a pervasive daily cloud cover (80-100%) defined the third period, July 
through September. The river velocity was at its greatest = 6 
and width = 20 m). Runoff from the watershed was prevalent throughout 
most of this season. Heavy storms (>3 cm) occurred on the average of 
19 
TABLE 1 
MORPHOMETRIC CHARACTERISTIC OF LAKE TAPACURA, BRASIL 
EXPRESSED FOR THE SEASONS OF HIGH AND LOW TURBIDITY 
H.T. Season L.T. Season 
Maximum Length 7.38Km 
Maximum Effective Length 5.13Km 
Maximum Width 2.19Km 
Mean Width W = ^ 
^max 
Maximum Depth 
1.22km 
22m 
1.16Km 
19m 
Mean Depth ^ 
Area 
19.8m 
9km^ 
18.8m 
8.6km^ 
Shoreline Development (SLD) 
SLD = - 
2 A 
Capacity 
6.05 6.36 
170,000,000m3 
Map Cordinates 
Lake Area (In Station) 394,085 HA 
(35°07'15"W, 8‘’07'15"S) 
Station Land Area 382,115 HA 
Total Area of EET 776,965 HA 
20 
Fig.2 Combined data for 1978-1979 includes: Secchi disc, depth, rainfoll, and 
seasonal characteristics. ▲ and • indicate algal productivity, A during 
LT season and • during HT season. 
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Rg. 3 Diurnal fluctuation of dissolved oxygen (mg/I).conductivity ( C-pmhos-cm”*) 
and temperature (*C) 
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Figure 4. Maximum and minimum temperature values (°C) 
for 1978-1979. 
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two per month during this period with an average of 6.3 cm falling per 
storm. February through June data showed two storms per month, averag¬ 
ing only 4.8 cm. Only one storm occurred during October through Jan¬ 
uary that produced greater than 7.5 cm of rain. 
Wind intensities varied diurnally (Figure 3) as well as season¬ 
ally. These temporary winds of 10-20 km per hour (depending upon the 
season) originated out of the southeast and were oriented along the 
line of maximum fetch, producing a substantial amount of turbulence in 
the reservoir. Their velocity and duration gradually moderated until 
the onset of the five month rainy season. At this time, they attained 
renewed intensities to increase epilimnetic depths and decrease the 
trophogenic zone. In December and January, the winds maintained an 
epilimnion that oscillated from 2 m in late morning to 6 m in late 
afternoon (Fig. 3). 
In contrast, Secchi disc values (Fig. 2) reflected a two seasonal 
year for the reservoir. The months of June through January, displayed 
the lowest average visibility of 0.42 m with a standard deviation of 
0.1073 at Station A, and 0.38 m with a standard deviation of 0.1021 
for Station D. The photic depth gradually increased from February 
through May, reaching a maximum depth of 3.4 m in early May, for 1978, 
and in mid-April for 1979. The former low turbidity (L.T.) season 
experienced a 650% increase in visibility over the latter season of 
high turbidity (H.T.). 
A comparison of secchi disc data between Stations A and D indi¬ 
cated no significant difference during the H.T. season. However, 
visibility was slightly greater at Station D during the L.T. season. 
24 
A comparison of secchi disc visibility with turbidity of epilim- 
netic waters expressed in JTU (Figures 2, 5, and 6) for Stations A and 
D indicated similar results. The JTU approached 6,0* for the two 
stations in the months April and May. A ten-fold increase was seen by 
the end of June, early July. The values steadily increased throughout 
the year, reaching an observed maximum of 88,100 JTU in October. 
These conditions would theoretically continue until early January. 
The JTU figures were then seen to decrease to 20,15 by February. 
Time-depth distributions for bicarbonate alkalinity, the calcium 
ion, the chloride ion, free CO2, dissolved oxygen, total hardness, 
percent saturation, pH, temperature, RTRM, ortho and total phosphates 
and turbidity are presented as Figures 6-39, for Stations A and D. 
Isopleths were constructed for each of these parameters at the two 
stations. Ammonia nitrogen, sulfides, as well as the micronutrients 
of Zn, Cu, Mg, Mn, and Fe are presented in depth/concentration graphs 
for selected months. 
Rivers and Bays 
Concentration gradients of the chemical and electrochemical mea¬ 
surements of the Tapacura River are presented in Table 2. Inlet con¬ 
centrations for total hardness, bicarbonate alkalinity, calcium, dis¬ 
solved oxygen, percent saturation, chloride, ortho PO^, as well as 
*The A,D systems is utilized here where A = the value at Station 
A and D = the value at Station D for the parameter and depths indi¬ 
cated. This facilitates comparison between stations. 
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Figure 5. Isopleth of turbidity values (J.T.U.) at 
Station A. 
26 
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Figure 6. Isopleth of turbidity values (J.T.U.) at 
Station D. 
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TABLE 2 
TAPACURA RIVER DATA FOR REPRESENTATIVE 
MONTHS COLLECTED AT STATION II 
February 1978 
Zm D.O. Aik Cl- 
mg/1 
Ca Hrd OrthoP NH3-N 
0.5 5.9 90.3 154 12.3 45.4 0 .37 
3.5 1.8 120 213 15.2 56.1 .06 .062 
5.0 0.5 -- -- -- -- -- -- 
May 1978 mg/1 JTU 
Zm Aik Cl- Ca Hrd OrthoP T°C T urb 
0.5 50.3 108 36 71.4 .06 27.2 235 
3.5 43.1 108 33 74.9 .02 27.1 218 
July 1978 mg/1 JTU 
Zm D.O. %Sat Aik Cl- Ca Hrd OrthoP T°C T urb 
0.5 5.0 63 73.5 100.7 31 73.7 .05 26.2 105 
3 3.7 46 82.8 109 35 83.4 .07 25.4 195 
August 1978 mg/1 
Zm D.O. %Sat Aik Cl- Ca Hrd OrthoP JX 
0.5 6.1 76 48.8 58 19.5 44.9 25.3 
3 6.3 77 -- — — — * 24.0 
6 6.4 77 44.4 45.9 19.5 50.8 -- 23.7 
October 1978 mg/1 JTU 
Zm D.O. %Sat Aik Cl- Ca Hrd OrthoP T°C Turb 
0.5 4.9 62 64.1 102 29 69.5 .055 26.2 73 
3 4.7 59 64.1 102 31 69.9 .045 26.3 74 
30 
pH and turbidity are presented for representative months during the 
two seasons. 
Ionic concentrations varied sharply throughout the year and were 
subjected to substantial seasonal fluctuations in chemical content. 
During the low flow season (February) chloride concentrations were 
165% greater and alkalinity was 85% greater than in August. Calcium 
and hardness increased 152% and 62% respectively as the rainy season 
began. By August, the increase declined to only 60% over that in 
February. 
The river water was warmest in May at 27°C and cooled to 24°C by 
August. Turbidity showed a 220% increase over the October values. A 
definite inverse relationship of concentration to flow existed for 
most of the parameters. Peaks in chemical concentrations were 
observed for the parameters of calcium and hardness in May and July. 
Ranges in the chemical concentrations for the three bays on the 
western shore and the single eastern stream are presented in Table 3. 
Contributions from these areas were relatively slight with an average 
flow measurement by weir of 0.8 1/s in February. Monitoring was there¬ 
fore minimal for these areas as effects were not expected to be large. 
A stand of water hyacinth became localized at the river mouth 
from January through March. An analysis of the physical and chemical 
characteristics of the water immediately upstream and downstream from 
the stand indicated a substantial reduction in the concentrations of 
most parameters. Table 4 gives an indication of the average concen¬ 
tration present during the sampling period. Calcium, hardness and 
chloride were reduced 30%, 30% and 28% respectively, while turbidity 
31 
TABLE 3 
CHEMICAL DATA COLLECTED FOR THE THREE BAYS ON THE 
WESTERN SHORE AND THE STREAM EMPTYING INTO THE BAY ON 
THE EASTERN SHORE OF LAKE TAPACURA 
Bays air T°C 23.9 mg/1 July 1978 
AREA Zm T°C Secchi D.O. Aik Cl Ca HRD %Sat 
1 0.5 29 0.41 6.7 51.2 83.9 13.3 64.4 86 
8 25.2 1.5 43.6 84.3 11.7 54.7 18 
2 0.5 28.1 0.36 5.5 49.5 94.7 15.7 74.2 70 
8.5 25.2 4.3 14.2 49.1 27.4 23.4 52 
3 0.5 28.7 0.33 6.1 34.1 92.8 16.4 51.9 78 
2.8 28.0 5.4 31.4 88.3 14.1 48.8 68 
Bays air T^C 28.9 mg/1 March 1979 
AREA Zm T°C Secchi D.O. Aik %Sat pH 
1 1 28.3 4 .8 4.46 53 57 7.38 
5 28.2 3.80 53 .4 48 7.23 
2 1 29.5 2 .44 4.44 52 .7 58 7.38 
4 28.3 2.13 55 .1 27 7.21 
3 1 29.4 1 .35 5.76 57 .3 75 7.77 
Stream 4 January 1978 
Aik NH3 DO4 Cl Ca 
0.12mg/l 0.43mg/l 0.09mg/l 41mg/l 45.2mg/l 
6.74kg/day 24.8g/day 5. 19g/day 2.37kg/day 2. 61kg/day 
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decreased the most (58%) and alkalinity the least (8%). pH dropped 
only 0.2 units and free CO2 increased 40%, Dissolved oxygen, per¬ 
cent saturation and temperature remained relatively unchanged. Secchi 
disc values dropped an average of 40 cm between upstream and down¬ 
stream values while suspended solids dropped 85% from their upstream 
values. 
Lake Chemistry 
November-January (1977-1978) Preliminary Testing Period 
Table 5 shows the value of stratified and non-stratified param¬ 
eters for the three month preliminary testing period at Stations A and 
D and for the Tapacura River at Station II. Stratification was pres¬ 
ent with clinograde curves existing for temperature, conductivity, pH, 
dissolved oxygen, chloride, and ammonia. 
Conductivity values decreased with depth and indicated as yet no 
substantial release of ions and nutrients from the sediments. Oxygen 
values had reached as low as 0.2 ppm at Station A. Calcium, hardness 
and alkalinity were fairly consistent with depth and indicated no 
stratification of these parameters. 
February-May 1978 (Low Turbidity Season) 
Typical summer stratification of Lake Tapacura was documented 
during these mohths. Examination of the RTRM graphs (Figures 7 and 8) 
for Stations A and D, showed a wide, clearly defined metalimnion 
extending from 4.5 m - 9 m, 5 m - 7 m in depth by April. Dissolved 
TABLE 5 
Average values of parameters for Stations II, 
A and D during the preliminary testing period. 
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Figure 7, Isopleth of RTRM values at Station A. 
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Figure 8. Isopleth of RTRM values at Station D. 
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oxygen (Figures 9 and 10) exhibited a strong clinograde distribution 
although epi1imnetic waters never reached saturation values. Near 
anoxia, defined as 1.0 ppm of O2 was present up to a depth of 9.0 
m, 9.5 m corresponding to near the lower limit of the metalimnion. 
The compensation level of the lake, which by definition separates 
the photic from the aphotic zone, was between 2.25 and 2.75 m (Figure 
40). Most of the other chemical species, particularly chlorides, 
calcium, total hardness, free CO^ and bicarbonate alkalinity 
displayed an inverse clinograde distribution, i.e., increasing with 
depth. The pH declined from the lake surface to the sediment showing 
a typical clinograde graph. 
Secchi disc readings were at the highest, 4.5 m, which would be 
encountered from the entire year. Winds were absent and suspended 
matter appeared to settle into the hypolimnetic waters (Figures 5 and 
6). Further examination of the turbidity data indicated a drop to a 
yearly low of 0,3 in the epilimnion. The clarity persisted from March 
through late May. 
Stratification was more pronounced in May due to warmer air tem¬ 
peratures prevalent over the preceding months. Early in May, the well- 
mixed epilimnion was the warmest observed for the year (30°C, 28.9°C). 
For Station A, the thermocline was raised to the 2 m level, although 
there was an overall decrease in size to be between 2m and 6.5 m, as 
indicated by RTRM. Stratification was more dramatic for this month at 
both stations. 
Dissolved oxygen saturation of the very warm surface waters in 
May reached 90%, 71%. This corresponded to the highest yearly dis- 
Figure 9. Isopleth of dissolved oxygen 
concentrations (mg/1) at Station A. 
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Figure 10. Isopleth of dissolved 
(mg/1) at Station D. 
oxygen concentrations 
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solved oxygen peak of 6.5 ppm, 5.5 ppm in the epilimnion. Oxygen pro¬ 
files for this month were negatively heterograde with a hypolimnetic 
minima at 10 m, 14 m. This situation corresponded to increased river 
inflow entering to the lower lake waters (~7-ll m), (16-22 m). Depth 
of entry being determined by a high suspended solids content and 
cooler temperatures. 
This entry zone was indicated by the RTRM graph which showed an 
abraded zone of the lower metalimnion and a zone of mixing between 7 
and 11 m, 16 and 22 m. Turbidity figures for the river inflow rose 
from a high of 70, 76 to a high of 300, 290 for April and May, respec¬ 
tively. Percent saturation figures increased to near 35% for bottom 
waters at this time for both Stations A and D. 
July-January 1978-1979 (High Turbidity Season) 
Examination of the RTRM graph profiles for Stations A and D 
(Figures 7 and 8), in June, suggested the beginning of instability in 
the lake's stratification. The metalimnion was eroded by a combina¬ 
tion of two factors, one exerting an effect on the epilimnetic/ 
metalimnetic boundary, the other on the metalimnetic/hypolimnetic 
interface. Turbidity decreased dramatically to 30-100 JTU, 35-60 JTU 
in upper waters (Figures 5 and 6), while secchi disc transparency 
dipped to 0.5 m. 
The stronger winds combined with cooler air and water tempera¬ 
tures to increase epilimnetic waters, (RTRM) and decrease water 
temperatures (28.5°C, 27.6°C), (Figures 11 and 12). The fluctuating 
input from river flow allowed for increased instability in bottom 
46 
Figure 11. Isopleth of temperature profiles (°C) at 
Station A. 
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Figure 12. Isopleth of temperature profiles (°C) at 
Station D. 
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waters and created a zone of mixing from 5m, 9 m to the sediment sur¬ 
face (Figures 7 and 8). However, the high suspended solids content of 
the river water (Table 4) allowed for low dissolved oxygen values to 
become re-established in the hypolimnion. This served to decrease 
hypolimnetic oxygen content to 1.0 ppm as far up as 5.5 m, 10 m. 
By early July, a 4 m, 2 m wide metalimnion extended from 4.5 m - 
8.5 m, 1.5 m - 3.5 m in depth. However, this stratum was not stable 
due to previous minor mixing of the hypolimnion with the lower meta- 
limnion and epilimnion with the upper metalimnion which began in 
June. A comparison of dissolved oxygen (Figures 9 and 10), tempera¬ 
ture (Figures 11 and 12) and RTRM profiles (Figures 7 and 8), for 
July, indicated mixing taking place for a second time. For Station A, 
complete turnover occurred by mid-July and oxygen values rose to above 
5.0 ppm throughout the water column and remained at this high level 
until mid-August. In contrast, complete mixing never produced greater 
than 2.0 ppm of oxygen uniformly with depth at Station D, although 2.0 
ppm values reached to a depth of 10 m. 
The RTRM profile for August indicated an extremely stable zone of 
non-mixing for 6 m - 11 m, (3.5 m - 5.5 m and 9.5 m - 10.5 m) in 
depth. Dissolved oxygen values began to drop as mixing was prevented 
and a clinograde oxygen distribution developed by September. Epilim- 
netic waters ranged from only 65-70% of total saturation values. 
Near anoxia of the sediments was first recorded in August, with 
waters below 12.5 m, 14 m in depth maintaining 1 ppm of oxygen. By 
October, the hypolimnetic oxygen level had decreased to 1.0 ppm as far 
up as 8.5 m, 13 m. 
51 
After overturn, the concentration of most chemical species, i.e., 
the chloride ion, hardness and the calcium ion, were at their lowest 
yearly concentrations (Figures 15-20) due to dilution by rainwater. 
The reservoir was at its highest volume. The subsequent appearance of 
anoxia in January was accompanied by substantial accumulations in the 
lower hypolimnion and up through the water column of all chemical mea¬ 
sures. Inverse clinograde distributions resulted for these species. 
Ionic concentrations gradually increased over time and with depth 
through the next few months. 
February-May 1979 (Low Turbidity Season) 
The Tapacura Reservoir was a warmer lake in 1979 than in 1978 
(Figures 11 and 12). Summer stratification was more pronounced in 
this period than in the corresponding months of 1979 (Figures 7 and 
8). Warmer water temperatures persisted with the hypolimnion averag¬ 
ing nearly 0.8°C above and the metalimnion at 6 m maintaining a 1.4°C 
rise over the previous year (Figures 11 and 12). In addition, the 
metalimnion extended to a much greater depth, reaching 9m, 13 m by 
mid-March (Figures 7 and 8). 
In general, chemical stratification followed a pattern similar to 
that observed in 1978. Dissolved oxygen profiles (Figures 9 and 10) 
remained strongly clinograde with maximum dissolved oxygen values of 
5.8, 6.5 ppm in upper waters. Saturation values (Figures 13 and 14) 
did not exceed 60%, 75% by May. This represented a figure 30% below 
that of the previous year for Station A. At Station D saturation 
values were lower by 5%. Near anoxia remained fairly constant up to 
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Figure 13. Isopleth of percent saturation values at 
Station A. 
1
9
7
8
 
1
9
7
9
 
53 
M 
54 
Figure 14. Isopleth of percent saturation values at 
Station D. 
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the 8 m level (Figure 9) at Station A, while this fluctuated between 
10 m and 13 m at Station D (Figure 10). 
Wind induced mixing appeared more significant (Figures 7, 8, 11, 
and 12) in 1979, commencing as early as mid-April. This resulted in a 
lowering of the 2.0 ppm O2 level from a depth of 6 m, 9m in April 
to 7.5 m, 13 m by May (Figures 9 and 10). There was an indication in 
some of the isopleths, dissolved oxygen (Fig. 9), calcium (Fig. 17), 
pH (Fig. 21) and alkalinity (Fig. 23) of an hypolimnetic intrusion by 
river water at the end of March until April 1979. This was somewhat 
earlier than in 1978. 
The remaining chemical species again displayed inverse clinograde 
distributions through summer stratification. The chloride ion dis¬ 
played a lower accumulation with depth to a value of 115, 98 ppm as 
compared to 130, 105 for May 1978 (Figures 15 and 16). 
Hardness values, for both Stations A and D were only slightly 
larger in 1979, although the calcium ion, one of the major contribu¬ 
tors was less important in the second year. 1978 figures for the L.T. 
season indicated that calcium contributed 42%, 43% to hardness and in 
1979 contributed only 38%, 36% (Tables 6 and 7). Hypolimnetic values 
for May 1979 ranged from 24-27, 25-26 ppm as CaCO^, while for May 
1978 corresponding figures were as high as 32-35, 25-31 ppm as CaCO^ 
(Figures 17 and 18). 
Tables 6 and 7 indicated that in 1978 the proportion of calcium 
as a factor of hardness became increasingly more important from Febru¬ 
ary through turnover in July. An increase of 12%, 14% was noted. 
Fairly consistent values were reported throughout the water column for 
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Figure 15. Isopleth of chloride concentrations (mg/1) 
at Station A. 
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Figure 16. Isopleth of chloride concentrations 
(mg/1) at Station D. 
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Figure 1 . Isopleth of 
(mgCaC03/l) 
calcium concentrations 
at Station A. 
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Figure 18. Isopleth of calcium concentrations 
(mgCaC03/l) at Station D. 
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Figure 19. Isopleth of 
(mgCaC03/l) 
hardness concentrations 
at Station A. 
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Figure 20. Isopleth of hardness concentrations 
(mgCaC03/l) at Station D. 
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Figure 21. Isopleth of pH values at Station A. 
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Figure 22. Isopleth of pH values at Station D. 
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Figure 23. Isopleth of alkalinity values (mgCaC03/l) 
at Station A. 
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TABLE 6 
THE PERCENTAGE OF CALCIUM AS A CONSTITUENT OF 
HARDNESS AT STATION A FOR 1978 and 1979 
1978 2m 6m Bottom Ave 
1 35 32 33 33 
2 37 37 36 37 
3 39 39 39 39 
4 41 41 43 42 
5 46 48 46 47 
6 51 51 50 47 
7 48 48 50 49 
8 41 39 33 38 
9 41 39 43 41 
1979 2m 6m Bottom Ave 
2 38 39 40 39 
3 37 40 41 39 
4 37 40 38 38 
5 37 36 32 35 
6 30 24 28 27 
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TABLE 7 
THE PERCENTAGE OF CALCIUM AS A CONSTITUENT OF 
HARDNESS AT STATION D FOR 1978 AND 1979 
1978 2m 10m Bottom Ave 
1 31 36 33 33 
2 42 38 31 37 
3 40 40 40 40 
4 40 43 63 49 
5 39 47 52 46 
6 45 53 55 51 
7 44 53 55 51 
8 38 39 48 42 
9 37 42 43 41 
10 39 41 40 40 
1979 2m 10m Bottom Ave 
2 34 35 39 36 
3 34 35 38 36 
4 36 36 36 36 
5 36 38 37 37 
Figure 24. Isopleth of alkalinity values (mgCaC03/l) 
at Station D. 
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all months of 1978, at Station A. Station D displayed similar fea¬ 
tures deviating only in the months of intense stratification at which 
time the lower waters exhibited a 10% increase over the surface 
waters. For 1979, the percentages of calcium induced hardness 
throughout the water column and over time were fairly constant. As 
the rainy season began a distinct 8% drop was noted from May to June 
as well as a metalimnetic calcium minima for June. 
A comparison of the isopleths for alkalinity and hardness indi¬ 
cated non-carbonate hardness was prevalent throughout most of 1978 and 
1979. However, calcium hardness equaled total hardness for the months 
of June and July in 1978 (Figures 19, 20, 23 and 24). 
Examination of the pH isopleths (Figures 21 and 22) indicated an 
inverse clinograde distribution with depth during the stratification 
period, February through May 1978, while the concentration of free 
CO^ increased with depth. In the tropholytic bottom waters of 
Station A, CO^ production resulted in a value of 13 ppm up the 9 m 
layer. Station D exhibited a value of 10 ppm up to a depth of 13 m. 
High respiratory activity was indicated in the 7-11 m, 16-22 m layer, 
corresponding to river input, while the trophogenic zone showed a free 
CO^ decrease to 2.4 ppm, 7 ppm in May and June. Values for free 
CO^ in mid-July indicated a uniform distribution with depth (Figures 
25 and 26). 
As stratification was again established by October, the epilim¬ 
netic values showed a [CO^] of 4.0, 4.0 as compared to the hypolim- 
netic value of 9.0, 9.0. A similar free CO^ pattern existed for 
February through May 1979, displaying an increase in free CO^ with 
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depth reaching 14 ppm at Station D. 
The pH values (Figures 21 and 22) reflect stratification and high 
respiratory activity in the trophogenic zone for April 1978. pH 
dropped to below 6.9, 6.9 from a surface value of 7.5, 7.4 in April. 
The vertical pH distributions exhibited approximately the inverse pat¬ 
tern presented by free CO^. 
Sulfides were only measured during December and January of 1978 
at Stations A and D. Preliminary tests indicated concentrations rang¬ 
ing from 0.7-1.8 ppm in the bottom waters, up to a depth of 10 m at 
Station A and 15 m at Station D (Figure 29). 
Ammonia nitrogen values were measured during the same period with 
values averaging from 0.14 ppm at 2 m to 0.14 m at the 6 m level to 
0.8 m in hypolimnetic waters (Figure 30). 
Examination of ortho phosphate concentrations (Figures 27 and 
28), indicated variations over time and with depth consistent with 
earlier described characteristics of the L.T. and H.T. season. March 
and April have the lowest values 0, 0 in epilimnetic waters. This 
corresponded to the season of greatest water clarity (secchi disc 4 
m) and high productivity. 
A preliminary analysis of the micronutrient levels for Stations 
I, II, A and D are listed in Figures 33-34. Values indicated some 
change with depth for most parameters during the period of stratifica¬ 
tion. Zn had no apparent stratification. Mn, Cu, Ca and Mg had a 
slight peak at 11 m, while Fe increased consistently with depth. 
The longitudinal transects for dissolved oxygen temperature and 
conductivity were conducted in mid-August 1978 (Figures 35, 36 and 37). 
81 
0 
Figure 25. Isopleth of free carbon dioxide concentrations 
(mg/1) at Station A. 
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Figure 26. Isopleth of free carbon dioxide concentrations 
(mg/1) at Station D. 
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Figure 27. Isopleth of orthophosphate values (mg/1) 
at Station A. 
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Figure 28. Isopleth of orthophosphate values (mg/1) 
at Station D. 
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Figure 29. Concentration-depth graphs of sulfide (mg/l) 
for representative months. 
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Figure 30. Concentration-depth graphs of ammonia nitrogen 
(mg/1) for representative months. 
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Figure 31. Concentration-depth graphs of copper 
and zinc at Station A, April, 1978. 
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Figure 32. Concentration-depth graphs of calcium, 
magnesium and iron (mg/1) at Station A, 
April, 1978. 
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Figure 33. Concentration-depth graphs of iron, zinc 
and manganese (mg/1) at Stations A and D, 
April, 1978. 
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Figure 34. Concentration-depth graphs of iron, zinc and 
manganese at Stations I and II, April, 1978. 
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Figure 35. Isopleth of dissolved oxygen values (mg/1) for 
a longitudinal profile of the Tapacura 
Reservoir, August, 1978. 
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Figure 36. Isopleth of conductivity values Umhos/cm) 
for a longitudinal profile of the Tapacura 
Reservoir, August, 1978. 
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Figure 37. Isopleth of temperature values (°C) for a 
longitudinal profile of the Tapacura Reservoir, 
August, 1978. 
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Figure 38. Isopleth of total phosphorus (mg/1) 
at Station A. 
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Figure 39. Isopleth of total phosphorus (mg/1) 
at Station D. 
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A comparison of these figures with the yearly isopleths for dissolved 
oxygen (Figures 9 and 10) provided an excellent example of the rapid 
reinstatement of stratification following turnover. In early August, 
dissolved oxygen values were close to 5.3 mg/1 throughout the water 
column (Figure 9). By mid-August, lower hypolimnetic waters displayed 
[0^] values 2 mg/1. The irregularities in longitudinal epilimnetic 
values in Figure 31 for dissolved oxygen were a result of daily wind 
induced mixing as discussed earlier. This transect had been determined 
by measuring river values first ( 6:00 a.m.) and Station D values 
later (5:00 p.m.), thereby allowing for mixing to be displayed at the 
last few stations. 
Conductivity values indicated a slight decrease (Figure 36) from 
the point of entrance of river water to Station D. A correspondingly 
small decrease with depth is also indicated for this season as hypo- 
limnetic values of oxygen had not yet decreased to 1.0 ppm (Figure 
35). 
Biological Results 
Primary Productivity 
Figure 40 depicts the typical variation with depth of planktonic 
photosynthesis during the seasons of high and low turbidity as deter¬ 
mined by light-dark bottle protocols. The H.T. season yielded the 
least productivity, although carbon fixation rates ranged from 21 mg 
2 2 
C/m /hr to 55 mg C/m /hr as indicated in Table 8. Water tempera¬ 
tures during these months averaged 29°C. Overall areal productivity 
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values varied between 247.2 mg C/m^/day to 673.2 mg C/m^/day. 
(Table 8) (Figure 2) 
Mean daily productivity for the H.T. season averaged .411 gm 
2 
C/m /day. Expressed for the entire reservoir this figure translated 
into 3690 g C/day, and 0.79 x 10^ kgC for the season. 
In contrast, the L.T. season supported a highly significant (at 
the .01 ANOVA probability level) difference in productivity. Overall 
rates were between 829.2 mg C/m^/day to 1771.2 mg C/m^/day. The 
water temperature was 28°C. 
Mean daily productivity for the L.T. season averaged 1.290 gm 
2 P 
C/m /day. For the entire reservoir this becomes 11610 g C/m'^/day, 
and 1.74 x 10 kg C for the entire L.T. season. (Table 8) (Figure 
2) Mean annual phytoplanktonic productivity was estimated at .767 kg 
2 6 
C/m and 2.53 x 10 kgm C for the entire reservoir. 
A substantial and abrupt deepening of the euphotic zone was noted 
with Secchi disc readings dropping from 0.5 m in the H.T. season to 
3.0 m in the L.T. season. Concurrently, a lowering of the compensa¬ 
tion level (C.L.) was observed from approximately 1 m to 2.5 m (Figure 
40). A high correlation (r = 0.8507) existed between Secchi disc 
readings and phytoplankton growth. (Figure 2) 
Average macrophyte production for the two entrapments during the 
no day period was 38.5 and 41.8 gms/day/plant. These figures trans¬ 
lated to 1675 and 1965 kgms/day/trap and average values of 
0.37-0.41 gms/day/plt and 15.2-17.9 gms/day/trap. (Figure 41)(Table 8). 
Annual mean daily productivity rates (Table 9) for water hyacinth 
-2 -1 
were calculated at 7.45 gCm day for the L.T. season. Because 
mgC/m^/day 
Fig.40Q Vertical distribution of photosynthetic 
rotes for the LTseason. 
mgC/m^/hour 
Fig.40b Vertical distribution of photosynthetic 
rates for the HT season. 
Figure 41. Growth rates of E. crassipes in Traps A and B 
for 110 days during the L.T. Season 
0 
F
ig
. 
4
1
 
115 
D
a 
y
s 
116 
TABLE 8 
NET PRIMARY PRODUCTIVITY RATES OF PHYTOPLANKTON FOR 
LT AND HT SEASONS (mgC/m^/hr, mgC/m^/day) 
NPP rates for 2 Seasons mgC/m^/day 
H.T. Season L.T. Season 
Date mgC/m^/hr day"^ Date mgCm^/hr day-1 (12 hrs) 
11/12/77 47.9 574.8 3/3/79 120.0 1440 
16/12/77 56.1 673.2 6/3/79 69.1 829.2 
22/12/77 23.3 ^79.6 12/3/79 96.3 1155.6 
30/12/79 23.4 280.8 20/6/79 104.6 1255.2 
13/1/79 20.6 247.2 15/6/79 147.6 1771.1 
X 411 1290 
S 197.98 348.45 
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of the near constant growth conditions for the water hyacinth over the 
year, L.T. season growth rates were applied to the H.T. season, ignor¬ 
ing nutrient input from runoff. 
These figures translated into 0.79 x 10 kgC for reservoir sea¬ 
sonal productivity of water hyacinth during the H.T. season. This 
compares with a figure 120% greater, of 1.74 x 10^ kg C for reser¬ 
voir seasonal productivity of water hyacinth during the L.T. season. 
Mean annual macrophyte productivity was estimated at 7.45 x 10 kg 
C, for the entire reservoir (Table 9). 
Data concerning the pelagic phyto and zooplanktonic forms present 
during the year were minimal due to disruption of cells in some sample 
bottles during transport to the United States. However, relative 
abundance of forms for those samples which survived were listed in 
Tables 10 and 11. 
Populations of Volvox appeared to dominate during most months of 
the low turbidity season sampled. Also in order of increasing impor¬ 
tance during these months of high water transparency were the diatom 
populations of Synedra, Cyclotella, Melosira herzogoli and Stauras- 
traum. 
Water samples during the months of the high turbidity season 
indicated a shift to populations composed mostly of Melosira herzogoli 
and Synedra. Volvox colonies were not present during this period with 
only member's of the diatom populations being represented. 
Secondary Productivity 
A comparison of the number of organisms per gram of dry root 
weight for the pelagic and littoral zones indicated nearly identical 
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TABLE 10 
DOMINANT ALGAE 
STATIONS 
AND RELATIVE CONCENTRATION 
A AND D IN 1978 AND 1979 
FOR 
Station A Station D 
TWS 1978 
June Vo 1 VOX June Volvox 85% 
July no algae Synedra 15% 
September no algae July Melosira 100% 
August Melosira 50% 
Synedra 50% 
September Melosira 100% 
1979 1979 
January Volvox 70% February Cyclotello 80% 
Navicular 20% Melosira 20% 
Melosira 10% March Volvox 95% 
February Volvox 70% Cyclotella 5% 
Navicula 30% Apri 1 Staurastrum 80% 
Apri 1 Volvox 85% Melosira 10% 
Centric diatoms 10% Volvox 8% 
Staurastrum 5% Cyclotel1 a 2% 
June Melosira 95% 
Staurastrum 5% 
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TABLE 11 
PHYTOPLANKTON AND ZOOPLANKTON CONCENTRATIONS 
FOR STATIONS A AND D AND BAYS 1 AND 2 
Station A Station D 
Date Algae Zooplankton Date Algae Zooplankton 
no/m^ 
Surface Area 
Cladoceran 
Capepoda 
no/m^ 
Surface 
Cladoceran 
Area Capepoda 
June 225 459 1.8:1 June 1978 187 646 2.8:1 
July 0 612 7:1 July 1978 63 136 3.9:1 
Sept. 124 2108 6:1 Aug. 1978 156 119 1.4:1 
Feb. 850 833 8:1 Sept. 1978 49 476 3.8:1 
March 638 2431 4.7:1 Feb. 1979 26 289 1.4:1 
Apri 1 87 136 7:1 March 1979 49 102 4:1 
June 146 119 6:1 Apri 1 1979 425 238 4:1 
BAYS 
Bay Date Algae 
no/m^ 
Surface Area 
1 July 1978 46 
2 July 1978 46 
121 
figures, 0.34 and 0.30 respectively (Table 12). These figures are 
based on an analysis of 42 plants from each area. 
Table 12 displays the macroinvertebrates that were encountered in 
order of decreasing importance. Atyidae were dominant in the pelagic 
zone as compared with Odonata in the littoral area. Large numbers of 
Gastropoda were present in the littoral area especially of the 
families of Lymnaceae and Ampul 1aridae. However, extreme fragility of 
their shells was noted, probably due to low calcium levels in the 
water. 
Cairns' Sequential Comparison Index (SCI) indicated no greater 
diversity in the macroinvertebrate community of the littoral (DI = 
.6600) as compared with the pelagic zone (DI = .6190) as displayed in 
Figure 42. Although initial comparisons seemed to indicate a greater 
diversity in the littoral zone, not only did confidence intervals 
overlap at the 95% level but a t-test indicated no significant 
difference at the .05 level. 
Copepod populations appeared to dominate over Cladoceran 
populations by an average ratio of 4:1 over the entire year. Station 
D supported a larger population of zooplankton over Station A as well 
as a larger algal population. 
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TABLE 12 
DOMINANT MACROINVERTEBRATE FORMS AND NUMBER OF ORGANISMS 
PER GRAM OF DRY ROOT WEIGHT FOR THE 
PELAGIC AND LITTORAL ZONES. 
PELAGIC LITTORAL 
DOMINANTS n % of n n % of n 
Decapoda Atyidae 109 58 21 7 
Odonata 33 18 140 48 
Coleoptera Hydrophi1idae 18 10 11 4 
Gastropoda 17 9 63 22 
Hemiptera Nepidae 3 2 7 3 
Plecoptera 2 1 
Tricoptera 4 2 1 5 
Diptera 2 1 5 2 
Lepidoptera 1 5 
Hemiptera 7 2 
Pelecypoda 3 1 
Ephemeroptera 8 2 
Unknown 26 8 
TOTAL 189 293 
Gastropoda 
(in order of abundance) n % of n n %of n 
Lymnaceae 9 56 40 63 
Ampullaridae 3 19 15 24 
Planorbidae 2 13 5 8 
Ancylidae 2 13 3 5 
TOTAL ROOT WEIGHT 438.3 gms 988.9gms 
TOTAL NO. OF ORGANISMS 149 293 
NO. ORGANISMS/gms. DRY ROOT WEIGHT 0.34 0.30 
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Figure 42. Diversity indices for macrophytic samples of 
the littoral and pelagic zones. 
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CHAPTER IV 
DISCUSSION 
Lake Tapacura was a typical monomictic tropical lake which stra¬ 
tified very strongly during ten months of the year. Evidence of 
meromxis or incomplete mixing in the deepest section of the lake (Sta¬ 
tion D) was evident upon examination of dissolved oxygen values. The 
entire lake appeared to undergo horizontal as well as vertical mixing 
which began in June and ended with overturn in late July. However, 
the depth and volume of the water at Station D prevented total verti¬ 
cal mixing. Therefore, circulation was incomplete, at this station, 
and of short duration, in the entire lake. These conditions were 
expected from an examination of the morphology of this basin. 
The Tapacura River behavior pattern as determined by climatic 
events, in concert with direct runoff from the watershed, appeared to 
be the dominating influence on Lake Tapacura's water chemistry and 
subsequent biological productivity. The high concentration of nutri¬ 
ent input and suspended solids from the river appeared to be a result 
of the city of Victoria's practice of discharging untreated human 
waste directly into the river. 
The inverse correlation of concentration to stream flow for most 
of the chemical measures indicated that the chemistry of the Tapacura 
River was controlled by seasonal patterns of precipitation and run¬ 
off. The peaks in concentration observed during the periods of low 
125 
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rainfall and minimal flow reflected delayed, or base level, flow con¬ 
centrations. These elevated levels were diluted by quick flow during 
the rainy season, producing lower concentrations which were balanced 
by an extraordinary volume of input water. Significant changes in 
water color were seen throughout the year in the river. At low flow 
volume, the river color became green from heavy growths of Volvox and 
mats of Spirogyra. Gases percolating from the sediment to the water 
surface were evident from Station I through Station III. 
Large mats of Eichhornia crassipes became stranded and subse¬ 
quently rooted on the mud of exposed river shores. Young plants grew 
in transverse lines from shore to shore and became lodged in the 1 m 
deep river. Comparisons of the water quality directly upstream and 
downstream from these mats indicated that a significant impact on 
river water quality was exerted by these communities. However, the 
flow regime was so slight during the period in which these mats were 
present, their overall effect was minimal. During the season of high 
turbidity, these water hyacinth mats and algal growths were flushed 
from the river into the reservoir and river water color then changed 
from green to brown. The river water input to the lake during June 
and July combined with heavy winds to overcome thermal stratification 
and produce overturn. This type of circulation was comparable to that 
occurring yearly in tropical varzea lakes of the Central Amazon 
region. Varzea lakes are defined as water bodies which exist in the 
floodplain of a river and are joined once a year to the river system 
during the flood season. The river at this time controls the physi¬ 
cal, chemical and subsequently the biological events (Rai, 1980). 
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Although Lake Tapacura was different in respect to being formed by 
impoundment of the Tapacura River, its circulation pattern was depen¬ 
dent upon the river during the flood season. 
This period of circulation was followed by the season of high 
turbidity and stratification. Once thermal stratification was estab¬ 
lished at Lake Tapacura, the loss of dissolved oxygen in the lower 
hypolimnion was very rapid. The fact that anoxia was attained within 
one month after turnover indicates that the lake is very productive, 
especially in light of the large volume of the hypolimnion. However, 
in this instance annual mean daily productivity rates were only 767 mg 
C m day as opposed to 1000 mg C m day for mesotrophic 
systems (Likens, 1975). Therefore another source of material for 
decomposition in the tropholyte zone was indicated. Hypolimnetic 
decreases in dissolved oxygen may have been a result of decomposing 
organic matter either left on the uncleared land that was subsequently 
flooded in forming the reservoir, from the water hyacinths which have 
settled to the bottom of the reservoir or from the sewage input. 
Near anoxia of the bottom waters was maintained for nearly 10 
months and involved almost the entire hypolimnion. At Station A, 
hypolimnetic near anoxia occurred in late August (1978) and remained 
until May 1979. Essentially, the bottom 4 meters of the lake were 
anoxic during this period, a noteworthy observation considering the 
reservoir's susceptibility to daily wind mixing. 
Since the lengthiwidth ratio of the lake exceeded 6:1 and the 
major axis paralleled the prevailing winds, the fetch of Lake Tapacura 
was very great. Combined with the fairly shallow depth in close to 
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two-thirds of the basin, there was extensive evidence to indicate that 
the winds played an important role daily as well as seasonally, 
although the degree of mixing depended upon variable weather pat¬ 
terns. Evidence indicated wind turbulence was extensive and lowered 
epilimnetic depths daily. However epilimnetic dissolved oxygen con¬ 
centrations never approached saturation values even when combined with 
high phytoplanktonic activity during the season of low turbidity 
(February through June). Apparently, high bacterial respiration rates 
of suspended matter resulted in the low D.O levels. 
Increases in conductance, alkalinity, free CO2, hardness, cal¬ 
cium and chloride occurred after the hypolimnian became anaerobic 
(Fig. 13-26). The rate of accumulation of these measures increased 
markedly once anoxia appeared as would be expected (Mortimer 1941, 
1942, 1971). The pH rise near the sediment surface (Figures 21 and 
22) was a result of increases in alkalinity from the movement of 
bicarbonate ions from the sediment into the overlying waters, probably 
as reduced ferrous and manganese bicarbonates, after the hypolimnetic 
anoxia was established (Wetzel, 1975). 
Anoxia during the period of stratification was interrupted 
briefly in the months proceeding overturn, by hypolimnetic intrusion 
of river water. In May 1978, river water entered at the 7-11 m, 16-22 
m level, creating for a time increases in dissolved oxygen and changes 
in chemical parameters. In contrast, river water entered the reser¬ 
voir earlier the following year (1979). This event coincided with 
rainfall increases during the end of March to April, as compared with 
the storms occurring later in the proceeding year (1978). 
129 
Chloride concentrations in the reservoir appeared to be a result 
of three interacting factors, input from human waste by way of the 
Tapacura River, atmospheric precipitation of sea salts, and evapora¬ 
tion of surface waters. According to Wetzel (1975), the areas of 
South America and Africa generally are of high rainfall and low 
relief, where most salts have previously been leached out. Therefore, 
the supply of dissolved salts from rocks in these areas is very low in 
proportion to the amount of rainfall and must be due to other factors. 
One factor, human salt input from diets, finds support in the 
consistently high chloride levels in the Tapacura River. Secondly, 
the importance of sea salt precipitation has been well documented for 
coastal areas (Gorham, 1961 and Carroll, 1962), and was indicated in 
Lake Tapacura by the direction of prevailing wind and storm patterns. 
According to Gibbs (1970), contributions of major cations from atmos¬ 
pheric precipitation for the nearby rivers of the Amazon region 
reached 81% as compared with a 19% contribution from rock deposits. 
Thirdly, an important evaporation cycle was evident from examina¬ 
tion of the isopleths. After the rains subsided, there was a general 
increase in chloride concentrations which continued until the rains 
began again. The importance of this evaporation cycle for the concen¬ 
tration of most parameters, e.g. hardness, alkalinity and calcium must 
be well considered as the epilimnetic concentration increases could 
not wholly be attributed to sediment regeneration or river input alone. 
Hardness figures demonstrated that Lake Tapacura was a soft, 
poorly buffered body of water. A comparison of the ionic constituents 
with the mean composition of river waters of South America from 
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Livingston (1963) and Benoit (1969) however indicated that the calcium 
ion, the magnesium ion and the chloride ion existed in much greater 
concentrations in the lake than were found in other South American 
waters. 
The low hardness and calcium concentrations were probably 
responsible for the low numbers and forms of molluscs found in the 
reservoir. Those species present were unusually small in size with 
brittle shells. Only in the exposed river muds were large numbers and 
sizes of molluscs encountered, principally planorbids which are the 
intermediate hosts in transferring schistosomiasis to people. 
The micronutrients, Fe (2.5-6.0 ppm), Zn (0.2-0.24 ppm) and Cu 
(0.115-0.25 ppm) appeared much greater than the South American 
averages for lakes, Fe (0.5 ppm), Zn (0.009 ppm) and Cu (0.002 ppm), 
respectively Wetzel (1975). Mn (0.065-0.615) was 6-40 times greater 
than the average (0.0156 ppm) and Mg levels (11.1-12.9 ppm) were only 
10 times larger than the average (1.5 ppm) as well as being consis¬ 
tently greater than calcium values. The levels for calcium appear to 
be near the average for South American waters (Figures 31-34). 
The fluctuation in water input from rain and the Tapacura River 
created two distinct seasons in the reservoir, separated by a period 
of overturn or circulation, in June and July. The seasons of L.T. and 
H.T. extended 5 and 7 months, respectively and lagged behind changes 
in rainfall. From a limnological perspective then, the justification 
for dividing the year into two seasons was not rain, but enhanced 
nutrient availability and subsequent light attenuation as a conse¬ 
quence of both wind and rain. 
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The overall rise in water level of 3-4 m during the H.T. season 
produced the same results throughout the entire reservoir. All lit¬ 
toral vegetation, including those plants found in the bays, were dis¬ 
lodged by the rising waters and combined with the free floating popu¬ 
lations to cover 35% of the impoundment by the end of the season. 
During the H.T. season, the winds served to concentrate up to 100 
m diameter islands of these drifting water hyacinth onto the north¬ 
western shores and bays by late afternoon. In the early morning 
(2:00-5:00 A.M.), these accumulations were redistributed throughout 
the lake by light gusts. 
As the dry season progressed those plants crowded into the shal¬ 
low muddy extremities of the bays rooted eventually forming extensive 
compact mats. This growth process was offset by dessication of those 
specimens stranded by the receding waters and the cycle continued. 
However, the floating populations of 1979 appeared twice the size of 
that in 1978. 
These floating open water populations were in a physiologically 
richer environment for they were not confined in a stagnant envelope 
of water. In the bays and along the shores, the shielding from light 
and wind produced an anoxic habitat. Consequently, virtually all 
primary and secondary productivity was concentrated in the epilim- 
nion. This was consistent with Sioli's (1968) statement that in the 
tropical systems of the Amazon, the most important producers are the 
phytoplankton and the floating meadows and studies should center 
around these groups. 
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Among phytoplankton, Vo1vox and Melosira dominated, while 
Eichhornia crassipes constituted approximately 90-95% of the macro¬ 
phyte biomass, with Pistia, Azzolla and Salvinia, the remainder. 
Since the narrow trophogenic stratum was contained within a vertically 
and horizontally well mixed epilimnion, and the bulk of the hyacinths 
remained uprooted, it was logistically possible to assess open water 
primary productivity of pleuston and plankton. 
It has been demonstrated that algal primary productivity varies 
seasonally and over time (Wetzel, 1975) as high runoff may produce 
abiogenic turbidity. This fact was evident in the reservoir during 
the H.T. season when attendant high concentrations of suspended solids 
predisposed to a severely attenuated light regime. This abiogenic 
turbidity was sustained by turbulence generated daily by afternoon 
winds of 20 km/hr from the southeast. Their velocity and duration 
gradually moderated until the onset of the 5 month rainy season when 
they attained renewed intensities to increase epilimnetic depths and 
decrease the trophogenic zone. In December and January, these winds 
maintained an epilimnion that oscillated from 2 m in late morning to 6 
m in late afternoon. 
Beadle (1974) suggested that these influences affected nutrient 
supply, thereby producing discontionuous effects in differing parts of 
the reservoir. He also stressed that the most profitable data, there¬ 
fore, result from studying these differences rather than from an inte¬ 
grated figure for the whole system. Because of the tnorough mixing, 
however, the presence of only one feeder stream and the uniform use of 
the watershed, the data were extrapolated to total lake productivity. 
133 
Also, rates of autochthonous primary production are basic to a compar¬ 
ative evaluation system among lakes, and those of the phytoplankton 
have been proposed as the best existing criteria (Rodhe, 1969). 
Annual mean daily net productivity rates for water hyacinth were 
estimated at 9.9 gCm day . The productivity rates were measured 
in the L.T. season but because of near constant growth conditions, 
these figures were translated into H.T. season figures. The estimates 
are therefore conservative and do not reflect increased availability 
of nutrients during the rainy season. The growth rates are comparable 
to the figures that were calculated by Westlake (1963) for the data of 
Penfound and Earle (1948), in subtropical systems, of 3.3-9.9 g 
2 
C/m /day D. W. under natural conditions. Higher productivity 
2 
values, 18 g C/m /day (Yount and Crossman, 1970) have been recorded 
in fertilized ponds, with estimated biomass yields of 1.4 kg 
2 p 
C/m /105 days (Wooten, 1976) as compared with 0.55 kg C/m /110 
days in Lake Tapacura. 
Phytoplankton growth rates demonstrated great seasonal variation 
_2 
with mean daily productivities ranging from 1290 mg C m to 410 mg 
-2 -1 
C m day during L.T. and H.T. seasons, respectively. The annual 
-2 -1 
mean daily rate was 767 mg C m day . This figure was much lower 
than the levels listed by Wetzel (1975) for deep tropical lakes (1700 
-2 -1 
and 1750 mg C m day ). However, they were at the lower end of 
2 4 -2 1 
the scale for tropical lakes (10 -10 mg C m day ) as listed 
by Rai (1980). The productivity values were still more consistent 
with Schmidt's figures for the Lago do Castanho in the Central Amazon 
region (1973b) of 0.5-2.-1 g C m ^day~^). 
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Even though tropical systems may display some of the highest pro¬ 
duction rates in the world (Ganf, 1974), seasonal variations still 
play a prominent role with phytoplankton. Studies indicated that 
these variations are usually more important with respect to limiting 
vertical mixing and subsequent nutrient availability than the amount 
of light (Tailing, 1969). However, the data do not strengthen these 
inferences, for there was a high correlation (r = 0.8507) between 
Secchi disc readings and phytoplankton growth. The silting promoted 
the same "shading" effect as dense algal growths (Walmsley, 1978). 
The data confirmed that seasonal variations did markedly affect 
lake productivity. However, the mechanism exerted a differential 
effect. Macrophyte productivity seemed to be controlled primarily by 
dessication resulting in a 10% decrease in coverage and a 4.5% 
decrease in surface area. Consequently, during periods of low tur¬ 
bidity, mean daily reservoir macrophyte productivity dropped 32% and 
mean seasonal macrophytic productivity dropped 52% from the season of 
high turbidity. Early June, after turnover had occurred and phosphate 
became available, there was no overall concommitant increase in sea¬ 
sonal productivity that was sustained during the H.T. season. Algal 
productivity during this season decreased 39% due to increased sus¬ 
pended solids and decreased light penetration. Macrophyte produc¬ 
tivity increased 110%. The phytoplankton populations conversely had 
their greatest growth during the low turbidity season. The mean daily 
reservoir productivity increased by 214% during the L.T. season. This 
translated into a 120% increase in mean seasonal values. 
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The data thus demonstrated that seasonal variability exerted a 
differential effect on plant productivity in tropical reservoirs 
through surface area and turbidity, rather than through nutrient 
availability. Algal data was consistent with Schmidt's (1973b) study 
on the Lago do Castanho of the central Amazon region. He cited that 
the most important factor controlling primary production was the light 
which limited production rather than the nutrient content of the water. 
The annual productivity for the reservoir remained a constant 
27000 kg C/day, while the amount which the individual constituents 
contributed fluctuated. The macrophytes contributed 86% and 58%, and 
the phytoplankton 14% and 42% of the productivity in the H.T. and L.T. 
seasons, respectively. The data indicate that increased nutrient 
availability does not exert as catalytic an effect as increased light 
penetration (Hartman, 1981). 
Disappearance of the green algal form, Volvox, during the H.T. 
season was probably a result of the disruption of the fragile algal 
colonies by the high suspended solids content. In contrast, the tur¬ 
bulence of the water column during the two month period of mixing was 
of primary importance for the appearance of Melosira herzogoli. Lund 
(1954), among others, has demonstrated that the rapid rise in popula¬ 
tions of Melosira italica during fall circulation in temperate areas 
resulted from resuspension of the filaments from the sediments. Lund 
also stated that these filaments were presumed to survive the period 
of stratification and months of anoxia in a resting condition. 
In June, only a slight increase in mixing returned this plankton 
to importance even though some stratification remained. The water 
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samples collected during June were a heavy brown color which disap¬ 
peared rapidly after the sample was allowed to settle. The brown 
color of the reservoir in June was the combined product of biogenic 
and abiogenic turbidity, brought about by resuspension, and subsequent 
multiplication of Melosira herzogoli. This was in contrast to the 
solely abiogenic turbidity of later months (H.T. season), caused by 
the river water input. 
Noteworthy, was the fact that the insects and gastropods were 
more dominant in the littoral zone while the crustaceans dominated the 
pelagic zone. While there was insufficient data to speculate on the 
impact of fish browsing and dispersal of plants and insects, this area 
of research would seem particularly fruitful. 
CHAPTER V 
SUMMARY AND CONCLUSIONS 
1. Lake Tapacura is a poorly-buffered, soft water lake whose chemis¬ 
try and dynamics reflect the behavior of the Tapacura River. 
2. Due to seasonal patterns of precipitation and heavy contributions 
of ions and nutrients from human input, the Tapacura River is 
subject to substantial seasonal fluctuations in its chemistry. 
Most chemical and electrochemical measures fluctuated over a 
60-220% variation in amplitude during the study period. 
3. Lake Tapacura undergoes only one extensive period of circulation 
annually, beginning in June and culminating in July. Strong 
stratification in concert with relatively slight decreases in 
water temperatures from the surface to the sediment interface 
created an RTRM which supported a period of stratification last¬ 
ing 10 months. 
4. The fluctuations in water input from rain and the Tapacura River 
created two distinct periods of stratification and levels of tur¬ 
bidity in the reservoir. The seasons of low (L.T.) and high tur¬ 
bidity (H.T.) extended 5 and 7 months, respectively and lagged 
behind changes in rainfall. The rationale for dividing the year 
into two seasons was not rain, but enhanced nutrient availability 
and subsequent light attenuation as a consequence of both wind 
and rain. 
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5. During stratification, dissolved oxygen loss from the hypolimnion 
was rapid and anoxia was realized by late August 1978. Oxygen 
maxima however occurred in May 1978 and March 1979 indicating 
hypolimnetic intrusion of river water as a result of increased 
precipitation and high suspended solids content. Specific con¬ 
ductance, hardness, alkalinity, free CO^ and chloride exhibited 
distinct inverse clinograde distributions during the latter 
months of stratification, while pH rose slightly above the sedi¬ 
ment surface due to the release of bicarbonate compounds from the 
reduced sediments. 
6. Littoral zone development was essentially restricted to the sea¬ 
son of low flow during which time the reservoir dropped 3-4m and 
the exposed muds supplied a rooting area for the Eichhornia 
crassipes mats. Salvinia, Azolla and Pistia together with 
Spirogyra became entrained in the root systems of the water hya¬ 
cinth and for a time a portion of these normally free floating 
populations became littoral. The three large bays on the western 
shore as well as the two bays on the eastern shore and the river 
mouth became ideal breeding areas for the floating mats. During 
this period a large number also died from dessication, being 
stranded on the receeding shore line. With the onset of high 
flow (H.T.) the littoral zone was eliminated and the plants were 
flushed from the river and bays to join the remaining free float¬ 
ing population. 
7. Among phytoplankton, Volvox dominated during the season of L.T. 
and Melosira herzogoli dominated during the season of H.T. 
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Synedra, Cyclotel1 a and Staurastrum were also of importance. 
Melosira herzogoli gained prominence during the month of June, 
when turbulence resuspended dormant filaments from the sediments. 
8. Copepod populations dominated over Cladoceran populations on an 
average ratio of 4:1 over the entire year. Station D supported a 
larger population of phyto and zooplankton than Station A. 
9. There was a high correlation (r=0.8507) between Secchi disc read¬ 
ings and phytoplankton growth. The season of high and low tur¬ 
bidity sustained mean daily productivity values of 410 
-2 -1 -2 -1 mgCm day and 1290 mgCm day , respectively. 
10. The data indicated that seasonal variability exerted a differen¬ 
tial effect on plant productivity in tropical reservoirs through 
surface area and turbidity, rather than through nutrient availa¬ 
bility. Seasonal variations markedly influenced lake productivity 
but with the controlling mechanism exerting a differential effect 
on phytoplanktonic and macrophytic populations. Variations in 
macrophyte productivity were primarily in response to dessication 
resulting in a 10% decrease in coverage and a 4.5% decrease in 
surface area. Therefore, during the L.T. season mean seasonal 
macrophytic productivity dropped 52%. During the H.T. season 
algal productivity decreased 39% due to increased suspended 
solids and decreased light penetration while macrophyte produc¬ 
tivity increased 110%. 
11. The combined information derived from several indicators of 
trophic status implies that Lake Tapacura is potentially an 
enhanced mesotrophic, or possibly a slightly entrophic lake. 
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Such indicators include dissolved oxygen deficit, hypolimnetic 
CO2 concentrations, transparency, plankton diversity and macro¬ 
phyte abundance and diversity as well as input concentrations of 
most parameters. The fact that algal biomass is not greater and 
contributes little to sediment accummulations of organic matter 
can only be attributed to low light penetration. 
12. The lake should be studied periodically to determine if a number 
of possible events occur. {a)The high suspended solids concen¬ 
tration from river water input could sediment out behind the dam 
creating a fill-in effect. (b)The high nutrient and organic 
matter input from the river may support a continued hypolimnetic 
oxygen deficit once the un-cut organic matter left before the 
lake filled, is reduced. 
13. The application of gas chromatography and atomic absorption for 
determining the levels of pesticides, organics and metals in the 
hypolimnion should be considered. 
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